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ABSTRACT

-ýA method to measure the density of charcoal-impregnated polyurethane
foam which gives results with standard deviations of less than 0.7% has been
developed. Curves relating density of impregnated foam to weight fraction of
solids in the foam are presented. These curves allow the determination of
the solids content of a foam sample by measuring its density, provided the
density of the unimpregnated foam is known. If the composition of the
impregnite is known, a more accurate estimation of the weight fraction of
solids is possible and the charcoal content may also be determined.T

RtSUMf

On a mis au point une technique de mesure de la masse volumique de
la mousse de polyurethane impr~gnge au charbon de bois donnant des r~sultats
dont les 6carts types sont inf~rieurs A 0,7 %. Sont pr~sentges des courbes
liant la masse volumique de la mousse impr~gn~e A la masse fractionnaire des
solides presents dans la mousse. Ces courbes permettent de d~terminer la

teneur en solides de la mousse par mesure de sa masse volumique, pourvu que
la masse volumique de la mousse non imprign~e soit connue. Lorsque la
composition de l'impr~gnant est connue, il est aussi possible de d~terminer
avec davantage de precision la masse fractionnaire des solides, ainsi que
la teneur en charbon de bois.
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INTRODUCTION

The Canadian Chemical Warfare (CW) Protective Suit is comprised of
two layers, an outer, nylon/cotton, repellent layer and an inner layer of
polyurethane foam laminaced to a nylon-tricot backing impregnated with
charcoal. In addition to charcoal, the impregnating bath is likely to contain
a latex binder, suspending agents, flame retardants, etc.

There are several tests to evaluate the inner layer. One of these,
the carbon tetrachloride (CCI4) adsorption test (1), measures the capacity of
the impregnated foam to adsorb CCI4. This test can be done before and after
a sample is laundered to determine the effect of washing the material or
before and after wear trials. Unfortunately, this test alone cannot allow us
to differentiate between loss of adsorption capacity due to loss of charcoal
and loss due to poisoning of the charcoal by the detergent or soilant.

oA test method to determine the actual charcoal content has been
developed. This method is to measure the density of the impregnated material.
Knowing the density of both the unimpregnated foam and the impregnating
solids (impregnite), the weight fraction of impregnite in the material can be
calculated. The charcoal content can then be calculated from the charcoal
concentration of the impregnite. Density measurements of fabrics with known
amounts of impregnite were used to estimate an apparent or effective density
of the impregnating solids.

This method was used earlier by Hart to estimate the charcoal
lost during wear trials but no details were given on how density was
measured or on how solids density was determined.

THEORY

The density of a porous solid such as polyurethane foam can be
determined by weighing it in air and then immersed in a liquid which
penetrates the pores. Density is calculated from
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WAS

R WA-L [1]

where WL = weight of foam in liquid,

WA = weight of foam in air,

1L = density of liquid,

pR = density of sample.

The weight of foam in air, WA, and the density of the liquid, PL,
in which the foam is to be weighed are easily obtained. The weight of the
foam in the liquid, WL, is more difficult to determine because the foam must
be completely wetted by the liquid leaving no air bubbles to affect the
measured weight.

The charcoal impregnated foam can be thought of as a mixture of
two solids with different densities, the polyurethane foam laminate and the
charcoal-containing impregnite. Using the density of mixtures equation,

EW. EW.
1 -1 (2]OAV =v EV (Wilpi)

where PAV = average density of the mixture
Wi = weight of ith component

Vi = volume of £th component

Pi = density of ith component

and letting W. = weight fraction of impregnated solids

l-Ws = weight fraction of foam laminate

then from [2]

P R 1-W (3]5 5

PS PFL

where PFL - density of unimpregnated foam laminate

Ps " density of solids impregnated into fopim laminate
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Rearranging

i FL/'R

W P=/ [4]
s i-FL/s

The density Ps can be calculated by applying the density of mixtures
equation [2] to the components of the charcoal bath. To do this, the
individual densities must be known and it must be assumed that these values
are still correct after mixing the ingredients, impregnating the fabric and
drying it. It is likely that this assumption is not valid for the latex
binder which changes during drying from a suspension of particles to a
Londing matrix nor for the charcoal because some of the pores may no longer
be available to the immersing liquid.

An apparent solids density can be determined experimentally for
known values of Ws using a rearrangement of equation [3]

Ws PFLPR

S W
s R +FL -R

For a series of experiments with the same foam laminate and
charcoal impragnite bath formula the values of PFL and Ps are constant. Solids
fraction, Ws, is then related to PR by an equation of the form

b
W =a- [61

__ s___sFL

where a = and b =

s FL Ps - FL

This equation can be used to draw a curve showing the relationship between
WS and PR for a given foam laminate/charcoal bath system. It can also be
used directly to determine the weight fraction of an impregnated sample after
the experimental determination of PR"
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PROCEDURE

A specimen 2 inches in diameter was dried and weighed, then immersed
in boiling water and held beneath a magnetic stirring bar. The water was
allowed to cool while the stirring bar rotated on top of the foam. After 15
minutes the sample was quickly transferred to room-temperature distilled
water. A small wire hook was suspended from the weighing apparatus with
enough of the hook below th? water that the specimen could be suspended com-
pletely submerged. After the hook was weighed alone, the circle was pierced
by the hook while it was still submerged and then they were weighed together.
Using equation [1], the density was calculated (see Appendix A). Three
replicates were made per sample to give a final average density.

A wetting agent (3 drops of a 5% solution of Triton X102) was used
in the boiling water to aid in wetting of the samples. Subsequent testing
revealed that this made no significant difference.

Liquids with low surface tension such as hexane and ethanol were
used at room temperature to try to wet the circles. These attempts were
unsuccessful.

Density determinations were performed on 17 samples of charcoal
impregnated polyurethane foam with the regular nylon tricot backing on one
side. Seven of these had been impregnated with a charcoal mixture without
flame retardant while the other ten had a flame retardant additive. There
were also six samples with light-weight nylon tricot on both sides of the
polyurethane foam impregnated with charcoal mixtures containing a flame
retardant. Densities were also determined for nine samples of unimpregnated
foam laminate.

Four charcoal-impregnated foam-laminates W, X, Y and Z were tested
to determine the solids fraction by measuring their density. They were
sampled every 4.3 m, giving three samples of Y (double-sided foam laminate
with flame retardant) and Z (single-sided foam laminate without flame
retardant) and si.. samples of W and X (both single-sided foam laminate with
flame retardant). At each sampling point, three rerlicate density measure-
ments were made. Averages were taken to give an overall density of each of
W, X, Y and Z. From these density values, the solids weight fraction, Ws,
was calculated (equation [41) using an experimentally determined value of PFL
and two different values of solids density. The results were then compa:ed
to the experimental add-on measured during the impregnation of the foam
laminrte. One solids density was the theoretical density calculated from
component densities in the charcoal bath using equation [2]. The other solids
density was the average apparent density (equation [51) for the appropriate
impregnated foam laminate taken from the 17 samples referred to earlier.
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The theoretical densities of charcoal bath solids were calculated using the
density of mixtures equation [2] and individual densitie& of the compoaents.
The component densities were collected from various sources including
manufacturers' bulletins and handbooks. The charcoal densities used were
taken from pycnometer density measurements.

RESULTS AND DISCUSSION

Table I lists experimental densities of the unimpregnated foam
laminates.

Table II lists the results of density determinations of the single-
sided material without flame retardant. Good repeatability is shown with
standard deviation for each material (n=3) ranging from 0.8 kg/m 3 to
6.4 kg/m 3 and averaging 2.9 kg/m 3 which is 0.22% of the average value of PR-
Table III shows the experimental densities of the single-sided, flame-
retardant foam. Again, good repeatability is shown by the standard
deviations ranging from 0.4 kg/m 3 to 8.7 kg/m 3 and averaging 3.9 kg/m 3 or
0.27% of the mean. Table IV shows the densities of the double-sided flame-
retardant foam laminate. The standard deviations ranged from 1.7 kg/m 3 to
9.7 kg/m 3 and averaged 6.2 kg/m 3 or 0.43% of the mean. The largest standard
deviation expressed as a percentage of its corresponding PR was less than
0.7%, indicating high precision in the measurement of density.

Experimental solids densities (Ps) were calculated from equation
[5] for each padding run and are given in Tables II, III and IV. The average
from each table is listed in Table V along with theoretical densities as a
comparison. The difference between ihe theoretical and the experimental
values could be due to inaccuracies in densities for the individual components
from which the theoretical values are calculated. As explained earlier,
there is also the effect of drying the latex and the effect of this on the
pores of the charcoal. Any air trapped in pores would contribute a buoyancy
effect making the experimental density less than the theoretical density.
As would be expected there was no significant difference (P-99.9%) between
solids densities for one-sided foam with flame retardant and two-sided foam
with flame retardant according to a t-test on both theoretical and exper-
imental densities.

Once the experimental densities were determined, curves of solids
fraction (WN) versus impregnated foam density (PR) were drawn for the three
experimental conditions: single-sided foam with and without flame retardant
and double-sided foam with flame retardant. The average experimental
density from Table V and the average PFL for each experimental condition,
were substituted into equation [6] to give the three curves shown in Figure 1.
Although there were essentially only two charcoal bath formulas (with or
without flame retardant), there were some small differences which could have



6

TABLE I

Density of Unimpregnated Foam Laminate

Foam From Density Standard

Laminate Run PFL(kg/m 3) Deviation (kg/m 3 )

Single Sided 35R1 436 1209.7 1 3.0

34C 395 1203.2 ± 3.1
34C 383 1206.3 ± 1.9
34C 386 1207.2 ± 1.7
34D 390 1209.2 ± 1.2
35C 398 1207.3 ± 1.2
35D 412 1208.2 ± 0.9

Double Sided 48L2 420 1196.8 ± 1.5
48L2 430 1191.3 ± 7.5

TABLE II

Single-Sided Foam Laminate Without Flame Retardant

Run Foam Exptl 0 FL PR kg/m 3) I Ps (kg/m 3)
Laminate Ws (kg/m 3 ) Average Std. Dev. (from eqn [5])

396 35C 0.118 1207.3 1253.6 ± 1.5 1757.3
398 35C 0.419 1207.3 1360.6 ± 4.5 1652.8
412 35D 0.090 1208.2 1229.3 ± 4.5 1492.9
417 35D 0.456 1208.2 1373.2 ± 0.8 1640.5
383 34C 0.441 1205.6 1405.8 ± 1.2 1780.6
395 34C 0.161 1205.6 1262.7 1 1.3 1676.5
391 34D 0.434 1209.2 1369.6 ± 6.4 1656.1

Average Ps 1665.2 kg/m 3 ; 95% confidence limits - ± 86.5 kg/m3
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TABLE III

SP-gle-Sided Foam Laminate with Flame-Retardr-nc Fonnula

Run Foam Exptl PFL P(k /m3) Ps (kg/m 3 )
Laminate Ws (kg/m 3) Average Std. Dev. (from eqn [5])

385 34C 0.541 1205.6 1507.0 _ 0.4 1912.7

386 34C 0.523 1205.6 1477.0 ± 3.7 1858.6

390 34D 0.532 1209.2 1477.2 ± 3.5 1835.0

397 35C 0.506 1207.3 1478.4 - 8.2 1893.5

425 35R1 0.470 1209.7 1i51.2 ± 4.7 1872.8

431 35R1 0.522 1209.7 1468.9 ± 5.7 1827.5

432 35R1 0.532 1209.7 1489.2 ± 8.7 1869.1

435 35RI 0.496 1209.7 1468.7 ± 3.3 1877.1

436 35RI 0.458 1209.7 1433.9 ± 0.9 1836.7

393 35C 0.485 1207.3 1433.8 ± 0.5 1790.5

Average Ps 1857.4 kg/m 3 ; 95% confidence limits - ± 25.5 kg/m 3 .
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TABLE IV

Double-Sided Foam Laminate with Flame-Retardant Formula

Run Foam Exptl 'FL PR(kg/m 3 ) Ps(kg/m3 )
Laminate Ws (kg/r 3 ) Average Std. Dev. (from eqn [5])

429 48L2 0.473 l1q6.8 1442.1 ± 1.7 1868.9
420 4812 0.418 1191.3 1369.6 ± 7.1 1730.1
439 4812 0.528 1196.8 1479.2 ± 3.6 1874.6
440 4812 0.487 1196.8 1453.4 ± 9.4 1877.4
430 4812 0.491 1196.8 1447.2 ± 9.7 1848.0
423 4812 0.505 1196.8 1480.8 ± 5.5 1929.6

Average Ps - 1852.1 kg/m 3 ; 95% confidence limits - ± 76.4 kg/m 3 .

TABLE V

Comparistc of Theoretical and
Experimental Solids Densities

Theoretical P. Experimental P. Percent
(kg/m 3 ) (kg/m3 ) Difference

One-sided foam and 1732.7 1665.2 -3.90
no flame retardant

One-sided foam and 1919.2 1857.4 -3.22
flame retardant

Two-sided foam and 1925.7 1852.1 -3.82
flame retardant



FIGURE 1 : COMPARISON OF DENSITY CURVES
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affected the solids density. The slight difference between curves B and C
could also be attributed to the different foam laminates.

Table VI shows a comparison between the two methods used to cal-
culate the solids fraction from the density measurements made on charcoal
impregnated foam samples W, X, Y and Z. The padding value for Ws is an
average over the entire padding run. Variations in solids add-on would lead
to variations in solids fraction and density. It appears from Table VI that
it is more accurate to calculate Ps on an individual basis using components
of the charcoal bath rather than using an apparent or experimental Ps.
However, in the event that the exact formula of the charcoal bath is not
known, the use of the experimental Ps results in a reasonable approximation.

After the density determination had been made on the samples, they
were then dried and weighed again to observe what effect the test had on the
samples. Samples that had been impregnated with charcoal showed a small
increase in weight. This was probably due to the charcoal adsorbing the
wetting agent. The unimpregnated foam samples showed a small decrease in
weight probably as a result of the rubbing action of the stirring bar on the
sample. Both the increase and decrease in weight represented approximately
0.5% change.

CONCLUSIONS

1. The method to determine the density of charcoal-impregnated foam
laminate gave standard deviations of less than 0.7%.

2. It is more accurate to determine the weight fraction of solids
with a solids density calculated using the charcoal-bath formula than with
an apparent density taken from the curves. The apparent density, however,
does give a good approximation should the formula be unknown.

* 3. By determining the charcoal content using the methods outlined
in this report, a differenziation may now be made between the loss of
adsorption capacity due to loss of charcoal and loss due to poisoning of the

"* charcoal by the detergent or soilant.

4. A wetting agent is not necessary to provide consistent or optimum
wetting of the impregnated foam if rite proper procedure is followed.
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TABLE VI

Comparison of Two Methods of Calculation of Solids Fraction

with Soli.s Fraction from Padding

Sample Padding Using Individual Ps from Using Experimental Ps
Ws Bath Formula from Table V

WS % difference Ws % difference

from padding Ws from padding Ws

W 0.529 0.538 +1.7 0.549 +3.8

X 0.505 0.544 +7.7 0.544 +7.7

Y 0.458 0.470 +2.6 0.489 +6.8

Z 0.424 0.411 -3.1 0.434 +2.4
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NOTATION

a = Ps/(Ps -PF)

b = 0sPFL/(Ps - PFL)

WA = weight in air

WL weight in liquid

Ws= weight fraction of solids

V = volume

PAV = average density

PFL = density of unimpregnated foam laminate

L= density of liquid

PR = measured density of charcoal-impregnated foam laminate

Ps = density of solids in mixture impregnated into foam laminate

\
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APPENDIX A

EXAMPLE CALCULATIONS

RUN 436 - Single-sided foam laminate, flame-retardant formula.

1) To find the density of impregnated foam laminate (PR) using equation [1].

Replicate Dried Weight Weight of Hook & Wetted WL Density
# WA (g) Hook (g) Foam (g) PR(kg/m 3 )

1 0.44278 0.09335 0.22787 0.13452 1433.1

2 0.44178 0.09285 0.22722 0.13437 1433.8

3 0.44453 0.09322 0.22863 0.13541 1434.8

PL = density of water at ambient temperature (22.2*C) = 997.72 kg/m 3 .*

Average of three replicates - 1433.9 kg/m 3 . Standard deviation = 0.9 kg/m3

• Handbook of Chemistry and Physics, 48th Edition, 1967-8, page F-4.
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2) To calculate the apparent density of the solids add-on (Ps) using
equation [5].

Run Foam PFL PR Ws
# Laminate (kg/m 3 ) (kg/m 3 )

436 35R1 1209.7 1433.9 0.458

Ps 1836.7 kg/m 3 .



17
UNCLASSIFIED

Security Classification

DOCUMENT CONTROL DATA - R & 0
(Security clissIeeli tione of title, body of abstract arid indexi ng annotation must he entered wvlheii the overall docuiletil is classiliedl

I. ORIGINATING ACTiVITY 2a. DOCUMENT SECURITY CLASSIFICATION

Defence Research Establishment Ottawa UNCLASSIFIED
Department of National Defence 2b. GROUP

Ottawa. Canada KIA 0Z4
3 DOCUMENT TITLE

DETERMINATION OF SOLIDS CONTENT OF CHARCOAL-IMPREGNATED
POLYURETHANE FOAMS USING DENSITY MEASUREMENTS

4 DESCRIPTIVE NOTES (Type of report and inclusive dates)

TECHNICAL NOTE
5 AUTHOH(S) (Last name. hrst name, middle initiall

DIX, J. Kim

6. DOCUMENT DATE 7a. TOTAL NO. OF PAGES 7b. NO. O REFS

September 1983 16 1
Ba. PROJECT OR GRANT NO. 9a. ORIGINATOR'S DOCUMENT NUMBER(SI

13B DREO TN 82-31

8b CONTRACI NO 9b OTHER DOCUMENT NO.(S) (Any other numbers that may be
assigned this document)

10. DISTRIBUTION STATEMENT

UNLIMITED DISTRIBUTION

11 SUPPLEMENTARY NOTES 12. SPONSORING ACTIVITY

Q3. 48STRACT

A method to measure the density of charcoal-impregnated polyurethane-
foam which gives results with standard deviations of less than 0.7% has been
developed. Curves relating density of impregnated foam to weight fraction of
solids in the foam are presented. These curves allow the determination of
the solids content of a foam sample by measuring its density, provided the
density of the unimpregnated foam is known. If the composition of the
impregnite is known, a more accurate estimation of the weight fraction of
solids is possible and the charcoal content may also be determined.

77 -o "..



18

UNCLASSIFIED
Security Classification

KEY WORDS

DENSITY MEASUREMENT

SOLIDS CONTENT DETERMINATION

PROTECTIVE CLOTHING

TEST METHODS

EVALUATION

FOAM LAMINATED FABRICS

IMPREGNATING

ACTIVATED CARBON

INSTRUCTIONS

I (JRI;INATING ACTIVITY Enter the name and address of the 96r. OTHER DOCUMENT NUMBER(S) If the document has been
organization issuing the document. assigned any other document numbers (either by the originator

or by the sponsor), also enter this numberls).
2a. DOCUMENT SECURI TY CLASSIFICATION: Enter the overall

set rutty classlicatton ot the document including special warning 10. DISTRIBUTION STATEMENT: Enter any limitations on

terms whenever applicable. further dissemination of the document, other than those imposed
by security classification, using standard statements such as.

2th GROUP Enter security reclassi•lcation group number. The three
groups are defined in A epnrdoih 'M'ot (he DHB Security Regulations. (1) "Qualified requesters may obtain copies of this

document from their defence documentation center
13. DOCUMENT TITLE Enter the complrte document title in all

c.apital letters. Titles in all i:.sers shouldi bxe unclassified. It a (2) "Announcement atnr dissemination of this document
sutficiently descriptive title canntiot bre selected without classilt is not authorized without prior approval from
cattin, show title classilfcation with the usual one-capital-letter originating activity."
aibbreviatitot in patenthhises inmediltrely following the title.

11. SUPPLEMENTARY NOTES Use for additional explanatory
4 DESCRIPTIVE NOTES Enter the category o0 document. e.g. notes.

technical report, technical note ot technical letter. If appropri-
ate. enter the type of documcnt. eg. intirtim. progress. 12. SPONSORING ACTIVITY Enter the name of the departmental
sumnnary, annual or final. Give the inclusive dates when a project office or laboratory sponsoring the research and
specific reporting period is covered, development. Include address.

S. AUTHOR(S): Enter the nameis) of authorls) as shown on or 13. ABSTRACT: Enter an abst act qiving a brlie and factual

iii the document, Enter last name, first name. middle initial, summary of the document, even though it may also appear
It rilitary. show rank. The name of the principal author is an elsewheri in the body of the document itself. It is highly

absolute minimum requirement, desirable that the abstract of classified documents be unclassi-
fied. Each paragraph of the abstract shall end with an

fi. DOCUMENT DATE Enter the date (month, year) of indication of the security classification of the information

Establishment approval for publication of the document. ii the paragraph (unless the document itself is unclassified)
represented as ITS), IS). (C), (RI, or (U).

la TOTAL NUMBER OF PAGES The total page count shoulh

follow normal pagiinr1ii0i liioceilures. i•e., enter the number The length of the abstract should be limited to 20 single-spacer)

of pages containing information standard typewritten litres, 711 inches long.

7b, NUMBER OF REFERENCES Enter the total number of 14. KEY WORDS: Key words are technically meaningful terms or
rr'lerences cited in the document, short phrases that characterize a document and could be helpful

in cataloging the document. Key words should be selected so

Ia PROJECT OR GRANT NUMBER If appropriate, enter the that no security classification is required. Identifiers, such as
applicable research and development project or grant number equipment model designation, trade name, military prolect code
,rnhil Nhich the do( Liment was written, name, geographic location, may itr used as key words but will

be followed by an indication of technical context.

(8b CONTRACT NUMBER If approlrriate, enter the applicable

rtinlier under which the document was written.

9a. ORIGINATOR'S DOCUMENT NUMBERIS) Enter the
official documerit number by which the document will be

idfrnthliiri ind cnntroli-if by the oritminating activity. This
oumber must be unique to this document.


